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(54) Multi-layered water-decomposable librous 

(57) Provided is a multi-layered water-decomposa- 
ble fibrous sheet with a plurality of layers each hav.ng a 
different fibrous constitution being integrated, mclud.ng 
a top layer on a top surface and a back layer on a back 
surface. The top layer includes fibrillated rayon of at 
least 3 % by mass of all f ibers constituting the top layer 
The fibrillated rayon has a degree of beating of at most 
700 cc, and has primary fibers of a predetermined fiber 
length and microfibers extending from the primary fib- 



sheet 

ers The microfibers are entangled with and/or hydro- 
gen-bonded to at least either of other microfibers and 
other fibers. The back layer includes fibers containing 
no fibrillated rayon, the fibers entangled with and/or hy- 
drogen-bonded to each other, orthe back layer includes 
the fibrillated rayon in an amount smaller than that in the 
top layer. The microfibers of the fibrillated rayon are en- 
tangled with and/or hydrogen-bonded to at least either 
of other microfibers and other fibers. 



Fig. 8 
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Description 

BACKGROUND OF THE INVENTION 
5 FIELD OF THE INVENTION 

, -ru inwontinn relates to a water-decomposable fibrous sheet having high strength and capable of 

sheet having a multi-layered structure. 
DESCRIPTION OF THE RELATED ART 
[000 2 ] To rr s k in~ 

t 'T^zs^^^^^^ - e have been deve,oped - as being conven : ent f r 

TL,!^^ e dw^ of Sfjecomposability in water must be high in some degree. This is because, ,f poorly 

wh.le being wetted with a liquia jaeie g ^ ^ ffi for W|pmg w(th 

decomposable cleanmg sheets n^t^ 

themwetted wrth such a ^"^ Looses a water-decomposable cleaning article 

ion and the organic s ofven. Jmtate ^ djsdoS9S „ ^.decomposable cleaning article of pofyvinyl 

[0005] Ja P ane ^ acid infiltrated thereinto; and Japanese Patent Laid-Open 

No. 19877 ^ 1 ^ l 4d ^ , °!f p S i a n W i „ roduced t h erein t 0 However, polyvinyl alcohol is not resistant to heat, and therefore 
rnnnfif 'f^entlv various water-decomposable absorbent aruclesir^luding sanitary napkins, panty liners, disposable 

fabric d, ^°^.^f r ^ t ,e ^ erZ ^e non woven fabric produced could have such a relatively high wet strength, 
toilets, etc. 

SUMMARY OF THE INVENTION 
[0008] An object of the invention is to provide a water-decomposable ftorous sheet whfch is well decomposed in 

of layers each having a different fibrous constitution being integrated, may comprise: 

atop layer onatop surface including fibrillatedrayonof at teast3%by mass of allfiberscons^ 
Z SSa iti rayon having a degree of beating of at most 700 cc and having pnmary fibers of a predeterm,ned 
mJSg^dmferofibei extending from the primary fibers, the mterofibers being entangled with and/or hydro- 
oer.-bonded to at least either of other microfibers and other fibers, and 

a baS layer on a back surface including fibers containing no fibrillated rayon, the fibers entang ed wA and/or 
hydrogeXnded to each other, or the back layer including the f Mated rayon in an amount smaller than that ,n 



10 



15 



20 



25 



30 



40 



45 



2 



EP 1 138 474 A1 



10 



15 



20 



25 



30 



35 



40 



45 



the top .ayenthemicrofibersofmefibrinated rayon being entangled with and/or hydrogen-bonded to at .ea.t either 
of other microfibers and other fibers. 
rooiOl Accordingtoanotheras^ 

Inlylrs Sng a different fibrous constitution being integrated, may compnse. 

. «nd a back laver on a back surface each including fibrillated rayon of at least 3 % by 

a top layer on a top surface and I a back W*™™ Qf ^ of at most 700 cc and 

m ass of all fibers const.tut.ng each ^ * e r ™^ 

having primary fibers of a f^^T^^^^^SSS!^ otheLcr ofibers and other fibers, and 

anoTr hydrogen-bonded to at least either of other m,crof .bers and other fibers. 
[0011] in this case, the fibrii.ated rayon content of the fibers confuting the top layer may be needy the same as 
that of the fibers constituting the back layer. water ^ecomDOsable fibrous sheet of the Invention all the time 

[0012] Naturally in dry and even in wet wrth water ^f^^^^, and disp0S ed of in toilets and others, 
Leeps high strength. When it immersed hn. J Z VZ Znot fibrillated rayon are entangled wKh 
it is readily decomposed. In the fibrous sheet of ^by exhibiting their ability to bond 

and are further hydrogen-bonded to other fibers an ^^^^^^ receives a large amount 

[0 013] Thofibroussheeto, — Jrous sh6 et of ft* 

rayon or the top layer may contatn a larger amount .a i y ^ fibrillated rayon .s 

embodiment is good, as having well-balanced d«»mpc ^ endi „g from the fibrii.ated rayon therein 
concentrated in the top surface of fice fibrous shee, ^ 

areessentiallycontactedwiththeoth^^^^^^ 

directfrictionalforceappliedthereto^ and production of the fibrillated 

is highly resismnttofrfc^^ 

S^SssSSSS^— ---- 

bodies. MfAraKKi tho ciirface of the top layer is pressed under heat so that the 

,00151 In m. 1»>r.us sheet el the ^"^^^^atTlSn*^ » « least either ot .thee 
mcronbers 01 the IMIated tayoe tn the ^,^. e "^',^ X lop and beok layers is pressed under 

Alternatively It may be produced in a paper-making process. t n . . q ^ 

^rifSUf. * e wet stren ^ h * thC fibr0US Sheet iS 81 T\^S mm 
S Also preferabty. the dry strength of the fibrous sheet is at least 3.4 N/25 mm. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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Fig-lisagraphshowingthese^^ 
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of the invention. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 
l0024] Thefibrillatedrayon^^^ 

U*M surfaces, or that fe, ^t^o^e^ of ordinary regenerated cellulose is smooth, wh.le 

[0 0251 Thefibrillatedfibersof *attypecmbeprod^for^ V ^ding to a method of strongly 

Absorbed water and is still wetted. Concretely they may JMJJ*"-^ J a beater or ^ nke (lnis is a wet- 
stirring rayon in water in a mixer, or a method of be f"Xr s fLrs as produced by processing wet-spun rayon such 
b^ngmeth^ 

ren^nC-r™ 

may be employed. One is to analyze SST^T^ average fibef * 

primary fibers and the microfibers constrtuting 'JlfJJ^J^, are sn0 rterthan the primary fibers. Therefore, 
deferred to as the weighted average length ^^Q^SSZ se.f-weighted. average fiber length distribu- 
analyzing the dfctribution of the fiber ^^ ^2^ ray on. Another method of specifically def,n.ng 

rrd^ 

SSr^-scdbedisthese-f-weigh^ 

Ling the f ibriiiated rayon^For ^^^^^SS^^ ol T*^ 
is 5 mm. into flbrfflated rayon. The sel f-we ghted. fvemge 'Iber le gi < ^ ^ Rg , _ ^ 8el( . weignted , 

rayon (CSF = 740 cc. fiber length 5 mm. 17 dtex) fo r whteh n ^ ten ^ h range 0 f 5 mm± 1 mm 

average fiber length distribution in non-beaten rayon ^mteomM- ^ ^ h ^ tQ 

or so. 9 Non-beaten rayon samples ^^IT^^^ ^^ ° f tnus-beaten. fibrillated rayon 
different degrees in a mixer. The s etf-welgh ^"W^ are ptotted to give a graph of Rg. 2. 
was analyzed in relation to the dKferen fiber '^J^^Xtribution profile of the fibrillated rayon gave two 
[0028] As seen in Fig. 2. the self-weighted, average f ber ^ ™» P than , ^ is principally for the 
apparent peaks. Regarding its details, the area <™^£^2J^ of shorter than 1 mm includes iong 
primary fibers of the fibrillated rayon. ^^T^^ZZ much promoted fibrillation. The fiber length of 
extending microfibers and chopped rayon fibers all "£»J8*»m t P ^ ^ ^ ^ o( ^ ongma(( 

the primary ftoers of the beaten. *^W^^%%o Jmicroftoersthat extend from the prunary 
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the oeak of the self-weighted, average fiber length distribution profile and around it falls within a range of the nominal 
flbeMength of th" In "beaten rayon * 0.5 mm or so. more precisely, within a range of from -0.3 mm to + 0.1 mm or so 

5 nfoL™ ftoers oT he «brillated rayon itself and the fiber length peak for the filiated microftoers. The f.bnllated 
aZr P 7eJared by beating rayon in wet, as in the above. If. being different from this. rayon is beaten in an ordinary 
rTbeatino i manner to promote its beating (so that the beaten rayon shall have a reduced numencal value md.cat.ng 
SSZm i X entirety pulverized into small particles, as in Fig. 3. In that condtton, most of the small 
plrttKuShe original fiberTength. The free-beaten rayon is not within the scope of the fibrillated rayon for 

W poTCSg the ratio of the microfibers to the fibrillated rayon preferred for use in the invention it ^desirable 
hat the microfibers extending from the primary fibers of the filiated rayon and having a length of at most 1 mm 
to 65 % by mass, more preferably from 3 to 65 % by mass of the self-weight of the fibrillated rayon. 
Abo p Ife aSy the °ber ,eng?h of the primary fibers that g*e the peak in the self-weighted, average fiber length d.s- 
mbution «StSi» fibrillated rayon Tails between 1 .8 mm and 10.0 mm. The fibrillated rayon having the prefened 
moSSSmv ^ obtained by beating rayon, of which the original fiber length falls between 2.0 mm and 1 0.5 mm. 

E of th non-beaten rayon and on the degree of beating the non-beaten rayon. For other preferred examples of 
he ?i!n1 ated rayon for use in the invention, rayon having a different fiber length of 3 mm. 4 mm 6 mm or 7 mm was 
^KETnU wrth varying the degree of beating it. and the self -weighted. ^ 
of threaten ravon relative to the varying fiber length of the beaten rayon was analyzed. The data were plotted to gwe 
Rg 4 to Fig 7 Of the beaten rayon samples whose data are plotted as in the graphs of Fig 2 and Figs. 
*o 7 Themasscfe,ributton 

Jbe^e length is neartotheoriginalfber length of the non-beaten ^ 

-06mmto + 0.2 L or +0.4 mm) are gh,en in Tablel below. The samples hav.ng a degree of beat.ng of 740 cc or 732 
cc are non-beaten samples. 
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Table 1 



3 mm 



Degree of Beating 
fee) 



745 



464 



337 



203 



96 



not longer than 
1.0 mm (% by mass) 



3.36 



2.61 



4.40 
4.49 



6.31 



2.4 to 3.4 mm (% by 

mass) 

33 



60. 



65.35 
58.86 




Degree of Beating 



not longer than 
1.0 mm (% by mass) 




6.4 to7.2mm (%by 
mass) 



[0 03 2 , Otherp^exa.p.^ 

Table 4. The data in these Tab.es indicate the property o ^T^^ Forllwi-ni p to hTiW.2.«yon 
rayon sampie having been prepared by beating ^^^^SS!^ • T. for those in Tab ' 6 3 ' 
of originally 5 mm in length and 1 .7 dtex .n fineness was beaten to d«erent ■** y ^ ^ 

rayon of onginaliy 3 mm in length and 1 .4 dtex in f ineness or rayon of Qf *^ 5 mm ln Iength and 

was beaten to different degrees in a pulper or a «^ ^eness was beaten to different degrees in 

1 4 dtex in fineness, or rayon of originally 5 mm in length and 1 .7 dtex in fineness wa 
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a pulper or a refiner. 



Table 2 



5 ma 


Degree of Beating (cc) 


not longer than 1 . 0 ram ( % 
by mass) 


1.7 dtex 


740 


0.69 


520 


12.77 




377 


23.20 




185 


39.37 




67 


35.47 
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Table 3 



3 mm 
1.4 dtex 



Degree of 
Beating 
(cc) 



644 



626 



595 



563 



480 



407 



352 



340 



297 



241 



not longer 
than 1.0 mm 
I % by mass) 



211 



0.57 



0.46 



0.40 



0.78 



0.71 



0.69 



0.87 



1.05 



1.32 



1.39 



1.77 



3 mm 
1.7 dtex 



Degree of 
Beating 
! (cc) 


not longer 
than 1 . 0 ram 
( % by mass ) 


653 


0.16 


584 


0.23 


472 


0.43 


372 


0.59 


333 


0.63 


291 


1.13 


259 


1.25 


212 


1.54 


176 


1.92 


163 


3.61 







Table 4 
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5 sua 
1.4 dtex 



Degree of 
Beating 


not longer 
than 1.0 mm 
( % by mass ) 


676 


1.08 


" 646 


1.06 


631 


2.08 


554 


8.48 


433 1 


1 7.39 


339 


1 11.18 


242 


21.57 


183 


1 20.43 


161 S 26.55 


135 


I 24.32 



5 mm 
1.7 dtex 



Degree of 
Beating 
(cc) 


not longer 
than 1 . 0 mm 
(% by mass) 


695 


0.47 


625 


1.49 


521 


7.17 


229 


20.96 


200 


17.14 


198 


20.04 


1 198 


18.10 


198 


17.59 


195 


16.92 


195 


15.08 


190 


15.14 


188 


19.54 


187 


! 17.41 


186 


13.94 



55 



[0033] As in the above-menUonedTab.es, in the filiated rayon samplesfrom non-beaten rayon "™"9* « b * r J e ^ 
S 3 I On these, the mass distribution peakforthe primary fibers appears within a ftoer length range , o 3 ± 05 mm) 
them^rershavingalengthof atmostl mmaccountforfmmO.^ ^ 
rayon However, in the samples having been beaten in a puiper or a refiner the 

5 % by mass or so; and in those having been beaten in a pulper or a refiner to a degree of beat.ng of at most 600 cc. 
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the lowermost limit thereof is 0.2 % by mass. {jber , e h of 4 mm (in , hese . the mass 

5o341 in the fibrillated rayon samples from <™»*££^ range of 4 ± 0.5 mm), the microfibers havrng a 
S trillion peak for the primary fibers appears ^*™™™ seV .£ m of the fibrillated rayon. However, .n the 
Sngth of at most 1 mm account for from 1 to ^£™£*m account for from 0.3 to 1 0 % by mass or so and 

S be rJS& samples^ 

Sution peak for the primary fibers appear^ wrthm a fiber ^ «ng ^ ^ h 

fengthofatmostl mm account for from as to ^ 

S£W«- -n samp,es ^^JS^Sl Sf^ Z ^Zs^ 
distribution peak for the primary fibers ep£» ^^tfL^Wt of the fibrillated rayon. However, in the 
length of at most 1 mm account for from 5 to ^^2ers account for from 0.5 to 30 % by mass or so and 
samples having been beaten of beating of at most 600 cc. the lowermost limit of the 

In those having been beaten in a pulper or a refiner to a 

microfibers is 5% by mass. „„ n h^ten ravon having a fiber length of 7 mm (in these, the mass 

^0037] in the fibrillated rayon samples from ' "^SSTSgTii* •» * * 0 5 mm >- the 
distribution peak for the primary fibers ^ of the self-weight of the fibrillated rayon. However. • the 

,engthof atmostl mmaccountforfrom10to65 

SSr than 5 mm is beaten (in this case the ^ ( ^*^S£^; b ^ anywhere the degree of beating ,s 
rTyo "appears within a fiber .ength range of from ^™,^^t^ fBP U(«lDl6%IV~«*1te-* 
Lmallerln 400 cc. the mterof ibers having a length of at most 1 mm fe ^ jn fl pu|per or 

weight (that is. the total mass) of the „. On the other hand, in case where the rayon s 

refiner the uppermost limit of the m.crof.bers >s a , en ^ h of atm0 st 1 mm account for from 0.1 to 

beaten to a degree of from 400 cc to 700 cc. the micmfibersl having *™» , s beaten in a pu |per or a 

5 % by m£ of the self-weight of the ^^^^^STJZ other hand, in case where the rayon is 
refined the uppermost limit of the microfibers IS ° m g lowermost limit of the microfibers is 0.2 % by mass. 

olrtenSapSerorrefinertoadegreeof ^^^^5 to 7 mm beaten (in this case, the mass 
footg m case where rayon having ^on appears within a fiber length range of from 4.5 

distribution peak for the primary fibers of ^^S£mSo cc the microfibers having a length of at most 1 
mm to 7 5 mm) and where the degree of beatmg » waller tha n 400 cc ^ ^ ^ ^ rayon 

mmaJo!n^^ 

is beaten in a pulper or a refiner, the uppermost ■j*™£JJ e „ beaten to a degree of from 400 cc to 700 
thPreof can be 5 % by mass. On the other hand, in case o 3 to 50 % by mass of the self-weight of the 

IHM «»»H«^.«c-M*»» rayon is beau* in « P-H*' « »'«'■"» *8~ 01 

rorSo] The degree of beating of the fibrillated rayon pre ™ and by selecting the beatfcg means. 
Sg to give fibrillated rayon can be contro tec. J^^SSlSSSS haveaiowerednumertea. value indicating 
Wherebeatlng rayon ispromoted(tog.^ 

^degree of beating), the ratio ^^J^^SSIZ^ of beating of at most 700 cc. Fibnllated 
so will Urease. In the invention, the » ^^SJS amount of microfibers formed there.n and 
Tayon having a degree of beating of larger ^^SS^S* fibrous sheet of the invention More preN 
therefore could not have a strength necessary for the wate O8t600ccinor derthatitcanconta.nasu.table 
erablythefibnllatedrayon^ 

amtSnt of microfibers formed therein. J Even more preferably, the degree of beating 

55 it significant* enhance the strength of the fibrous sheet thai Qf „ most 200 0 r even at most 1 00 cc 
isa^est^^ 



8 



EP1 138 474 A1 



20 



25 



30 



35 



100411 The fineness of the fibrillated rayon in terms of den,er ,s preferably from 1 to 7 d denier) that M-o^ 
77dtexorso Ifits fineness is smaller than the lowermost limit of the defined range, the pnmary fibers of he filiated 
IvZ Z much entanqled and the decomposable in water of the fibrous sheet comprising it will be poor. On 

5 Z be not good and. in addition, the productivity thereof will be low. More preferably, the fineness falls between 1 .1 

Sottf Te fibrous sheet of the invention contains other fibers in addition to the fibrillated rayon mentioned above 
KL^rier fibers to be in the fibrous sheet have a length of at most 1 0 mm. Also preferably they are weH 
a sol sible n water or that is, water-dispersible fibers are preferred for them. The dtepersibifity ,n water referred to 
10 X Thas L «m. meaning as the decomposability in water, and is meant to indicate that the fibers are dspersed 
weTin ISteJto Sy decompose the sheet comprteing them, when kept in contact with a large amount of water. 
Mo re pS£** fte other fibers are biodegradable fibers. The biodegradable fibers naturally decompose by them- 

meaner lengTh thereof. Further preferably, the ofher fibers having a fiber length of at most 1 0 mm have a length (,n 

S^reM^nd chemlca. fibers. The nature, fibers include those from wood puip such as soft wood puto hard 
wood pi ete and also those from Manila hemp, .Inter pulp, etc. These natural fibers are biodegradable Of those, 
21 re b etched soft-wood kraft pufc, and bleached hard-wood kraft P u.p, as ^^T^Z 
Also usable herein are chemical fibers such as regenerated fibers of rayon, etc, synthetc fibers of pojp opytene, 
oowZ alcohol, polyester, polyacrylonrtrile, etc, biodegradable synthetic fibers; synthetic pulp of eto 
E SES fewon as being biodegradable. Further usable are still other biodegradable fibers of polylachc 

to^TanXrs othe than those mentioned above are usable herein so far as they are d* P ers,ble In water. 
rooS Forthe soft wood pulp, its degree of beating preferably falls between 500 and 750 cc or so. If its degree of 
beatinq is smXfthan the lowermost limit of the defined range, the non-woven fabric composing the pulp will have a 
papXe morphology, and wil. have a rough feel. If. however, its degree of beating is la^er than the uppermost l,m,t 
of ttie defined range, the sheet comprising the pulp could not have the necessary strength 

Sal view showing the water-decomposable fibrous sheet of a first aspect of the invention. As in Fig. 8. a wate^ 
decomposXS 1A of the invention has a two-iayered structure, which is composed of a top layer h 

STning fibrillated rayon and a back layer Ibformed from otherfibers not containing fibnlated I rayon. 
rooSr^e top ^ayer 1a is formed from fibrillated rayon and other fibers, of which the fibn Hated rayon content is at 
easTJ % by mass. Preferably, the fibrillated rayon content of the top layer 1a is at least 5 % by mass. It should be 
noted that m "top layer la may be entirely formed from fibrillated rayon. In practical use of the fibrous sheet 1 A. it is 
appTedtoano^ 
the^ 

Z ^ o'p^eMa co°ntaiSs Ll.ated rayon of which the microtis are entangled with other fibers, so that ^Strang* 
is hioh In addition the microfibers exist In thesurface of the top layer 1a. and are pnncpally contacted .with , the surface 
ofSob^ 

the fibrous sheet is free from the disadvantage of breakage or deformation in its practical use_ 
00471 On the other hand, the back layer lb does not contain fibrillated rayon and is formed fro m otine ■ t ben* uch 
aVthose mentioned above. Since the top layer 1 a ensures high strength of the fibrous shee 1 A. tM back layer K > te 
not always required to have so high strength. Being so constituted, the fibrous sheet 1 A reatizes high strength of the 
Sl^a3gVoddecomposa?ility in water of the back. ayer1b.ff desired, however, the oa* layer 1b may contain 
a smaller amount of fibrillated rayon than in the top layer 1a. 

2 and 100 g/m*. fn order that L fibrous sheet can bear wiping in wet and te favorable to the top sheet tor absorbent 
art fetes If its weight is smaller than the lowermost Kmit of the defined range, the sheet could not have ^neces^ 
we^ength. If . however, its weight is larger than the uppermost limtt of the defined ™9°>^f*«™» ben «^% 
I oartLt for application to the skin of human bodies, the weight of the sheet is more preferably from 30 to 70 g/ 
In' h vTew o! th^ ! wet strength and the soft fee. of the sheet. Accordingly, the weight of each of the top layer 1 a and 
the back layer 1b preferably falls between 10 and 50 g/rhZ. more preferably between 15 and 35 g/m^ 
0049? A method for producing the water-decomposabte fibrous sheet 1 A of Fig. 8 is descnbed. The fibrous sheet 
A is in the form of a fibrous web to be obtained, for example, by sheeting the fibers mentioned above in a paper- 
ing prieTor the like, or in the form of a non-woven fabric to be obtained by processing tine fibrous web through 

rooSOrTo^suSlncreasing its wet strength, the fibrous sheet of the invention is preferably in the form of a non- 
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treatment, the mlcmfibe^ 

least either of other microfibers a ^ e ^^2\Leot is increased owing to the hydrogen-bonding force of 
top layer is increased, and, in addrt.on, ^t The entangled fibers could still ensure high wet 

the mWofibers. Even when the hydrogen bonds Jj££££ Zu fibriLed rayon fbers are entangled with 
strength. Through water-jetUng trejmen ^"jJ^SinSL of the non-woven fabric having been processed 
^wate 0 ^ mU non-woven spun lace fabric In which the constant 

later-decomposable fibrous sheet f *P^^ fabric-forming unit 

The apparatus for producng a non-wovenfabnc^ awe ^ g h ^ ^ ^ ^ {ab 
,, a felt conveyor unit II. a transfer unrt III comb ne w «h ^a MM ■ W ^ n fabric . (orming unt , te 

^ewt^^^^ 

!ne rol. 4b. and faces a dewatering tank <y*^^^j££^£* a supply port Sr. The fibers fed from the 
forming one layer (back layer or top ™ d to *iwfcl conveyor tat 2 by the air suction force of the 

stock feeder 3A onto the wire conveyor be 2 is a JJJJJJ'JJ adja J nt t0 a nee , slice 3a that faces the wire 
dowatoring tank below the up-ris.ng area 2a. ^ ^^ Jwire conveyor belt 2 and the heel slice 3a serves 
conveyor bet 2 via a gap therebetween and the gap **ZTr^£*n~ on the wire conveyor belt 2. 
to forrj; a fibrous web (back layer or top layer havrng back iayer) and water are supp.ied 

[0054] into the stock feeder 3B. fibers for f^ ^ 

hrough a supply port (not shown). The fibers M*™*. ' to* 2a ^ stock feeder 3B is adjacent to a 
web by the air suction force of the therebetween, and the gap between the 

according to the method as above a web ^<»^f SJS3K filiated rayon is formed on the previously- 
stock from the stock feeder 3A, and ^^^ t ^l^^^^^^ r ^^^ 
formed web from the stock from the stock f^ r etentiveness in the layered web is 

away through the underlying web and ^^^^^^Xi fr0 m the stock feeder 3A to form a lower 

layered fibrous sheet can be produced. =i aae water-ietting nozzle 5 is disposed above the wire 

[0 058] Between the rolls 4b and 4c, a ^^^^^S^ bet 2. To the fibrous web having 
conveyor bet 2. and k faces a dewatering , tan 1 6- J^^^SS* t. water jets are applied through the 
passed through the gap at the heel shoe 3b and formed I on the ™££%L fibrous webs, especially the microf ibers 

conveyor belt 7 is made of a needled blanket, and its eaure ^rougn g te transferred onto 
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rolls 8a and 8b and by other rolls 9a, 9b, 9c, 9d, 9e, 9f, etc. 

100601 In the latter-stage felt conveyor unit, disposed is a second felt conveyor belt 1 1 . Like the felt conveyor belt 7 
the second e! conveyor belt 11 is made of a needled blanket, and this is held by a plurality of rolls 12a. 12b. 1 2c and 
1 2d Around a pressure roll 20 in the unit, the second felt conveyor belt 1 1 meets a drier drum 1 3. and the fibrous sheet 

5 A on the second felt conveyor belt 11 is transferred onto the drier drum 1 3. In the drier unit IV. the fibrous sheet 1 A 
is thus wound around the drier drum 1 3, and dried thereon. After having been thus dried, the fibrous sheet 1 A is wound 
ud bv a winder roll 14 into a roll 15. Through the process, producing the fibrous sheet 1 A as a roll is finished. 
rO0611 To further enhance its surface friction resistance, the fibrous sheet of the invention is preferably further proc- 
essed for skin formation, for which the sheet is heated under pressure while its surface is still wet. Through skin for- 

w mation treatment, the amount of the hydrogen-bonded microfibers in the sheet could be increased. In the method 
Son^ove. the surface of the drier drum 13 is smooth and is heated. In the transfer unit III. the fibrous sheet 
1 A is oressed between the pressure roll 20 and the drier drum 13. In this step, the top layer la is so posrtioned that rt 
faces the drier drum 13. The fibrous sheet 1A contains water having been applied thereto through water-jetting treat- 
ment and it is heated under pressure against the smooth surface of the drier drum 13 whereby the fibers constituting 

is it are'more highly bonded to each other via hydrogen bonding. In particular, the hydrogen bonding of the microfibers 
that extend from the f ibrillated rayon in the surface of the fibrous sheet 1 A is much enhanced. As a result, the top layer 
1 a of the fibrous sheet 1 A is smooth-faced and its surface strength is Increased. Accordingly. In Its practical use. the 
fibrous sheet 1 A Is hardly broken even when Its surface Is rubbed against objects. Through skin formation treatment, 
the amount of the hydrogen-bonded microfibers in the fibrous sheet is much increased. As a result of skin format™ 

20 treatment, therefore, the strength of the fibrous sheet is much increased not only in dry but also even in wet w,th a 

r0062i am Ftoer-toS in the fibrous sheet increase through skin formation treatment, but they are readily loos- 

ened in a large amount of water, for example, when the fibrous sheet is disposed of in flush toilets, etc. Skin formation 
treatment increases the surface friction resistance of the fibrous sheet and even the strength of the sheet itself, but 

25 does not almost detract from the decomposability of the sheet in water. For skin formation treatment, for example, 
embossing rolls or pressure plates may be used in place of the drier drum 13 and the pressure roll 20. 
r00631 The fibrous sheet of the invention does not always require water-jetting treatment. The hydrogen bonds of 
the OH groups existing in the surfaces of fibrillated rayon fibers increase the strength of the water-decomposable 
fibrous sheet not processed with water jets, especially the dry strength thereof. With the increase in the degree of 

30 fibrillation of rayon fibers in the sheet, or that is. with the increase in the amount of microfibers therein, the surface area 
of the fibers constituting the sheet increases and the fiber-to-fiber bonding strength of hydrogen bonds in the sheet is 
thereby enhanced. In the sheet produced in a paper-making process, the hydrogen-bonding force of the microfibers 
is comparable to or larger than that of pulp, and the sheet strength is high. Depending on the hydrogen-bondmg force 
of the microfibers constituting the sheet, the decomposability in water of the sheet could be well balanced with the 

35 mechanical strength thereof. The dry strength of the sheet produced in a paper-making process is especially high. 
Even in the fibrous sheet produced in a paper-making process, the microfibers can be partly entangled, so that the 
wet strenqth of the sheet can be high. 

r0064] For example, in the non-woven fabric-forming unit I in the method mentioned above, the non-woven fabnc 
may be formed with no water-jetting treatment applied thereto. Additionally, a two-layered fibrous sheet 1A may be 

40 formed in a paper-making unit as in Fig. 10. The paper-making unit comprises a first stock tank 31 and a second stock 
tank 32. in which, for example, a first stock 33 for forming a back layer is put into the first stock tank 31 and a second 
stock 34 for forming a top layer is put into the second stock tank 32. One paper-making cylinder 35 Is set in the first 
stock tank 31 . and another paper-making cylinder 36 is set in the second stock tank 32. A wire belt 37 above the paper- 
making cylinders Is rotated counterclockwise; and the paper-making cylinders 35 and 36 are clockwise rotated. In the 

45 first stock tank 31 . the first stock 33 is scooped up by the paper-making cylinder 35 and transferred onto the wire belt 
37 to form thereon a first fibrous web (back layer 1 b); and in the second stock tank 32, the second stock 34 Is scooped 
up by the paper-making cylinder 36 and transferred onto the first fibrous web to form thereon a second fibrous web 
(top layer 1a). In that manner, a two-layered fibrous sheet is produced. 

0065] The fibrous sheet thus produced in the paper-making process as above can be also processed for sk.n for- 
so mation. Briefly, after having been produced still in wet, or after having been once dried and again wetted with water, 
the fibrous sheet is pressed under heat. As a result, the fibers, especially the microfibers existing in the surface of the 
thus-pressed sheet are hydrogen-bonded to a higher degree, whereby the surface strength of the sheet is increased^ 
[0066] Fig 1 1 is a partly-enlarged cross-sectional view showing the water-decomposable fibrous sheet of a second 
aspect of the invention. As shown in Fig. 11 . the fibrous sheet 1B is composed of a top layer 1c, a back layer le. and 
55 an intenayer 1d sandwiched between the top layer 1c and the back layer 1e. The top layer 1c and the back layer 1e 
are the same as the top layer la of the two-layered fibrous sheet 1A mentioned above, and these are made from 
fibrillated rayon fibers and other fibers. The fibrillated rayon content of each of these layers 1c and le is at least 3 % 
by mass preferably at least 5 % by mass. If desired, the top layer 1c and the back layer le are entirely made from 
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^TZtele^L the interlayer 1 d does not contain fibrillated rayon, and is made from other fibers only. 
[00671 On the other handjhe , e both havj hign strength , its wet strength may 

»h "l^STS^^S Bte £ Accordingly, both surfaces Sc and Se of the top layer 1c and the 
of the both surfaces of the fibrous sheet B . g ^ ^ For wiper app|jcationSi tne fibrous 

back layer le of the f.brous sheet 1 B jauni oe app j k shegt Whj , e 

lure. To P™ u " w "_ °~T^„ r Bo . ai . ,3,^ a .aer-soluMe or water-aerelanle adheafce may oe useri. 
^-laminated ^ 

l °°t 71 s SSu SSSStSS f ^t nZ square oHhe strength in the machine direction (MD) of the 
water is at leas 1.1 N/25 mm nttm»« ^ st fit brefik ,„ wet {this is here(n 

referred to as wet strength t s ea fi |ece of tne mous 8neet havi ng a width of 25 mm and a 

oM 0 mm n^rSi^SU infilt^te water of 2.5 times the mass of the sheet into the sheet 
rid ^Thus weied shee"piece is pulled until it is broken, by the use of a Tensilon tester, for wh,ch the chuck 

sretrr^ 

SST «*» sheet he. high strangm ml , «r a. use even in *» 

[0072] On the omer nam j» is a «, Dre , e rablv at least 3.4 N/25 mm in terms of the root mean square of 

ST* too enteral* tee water-deeompoeawe «brous sheet el the htvemioe hee a degree d deoonpoelnonin 
sSt^Snve^lonwn 



IT^Xthe dry surface friction resistance of the fibrillated rayon-containing top layer of *e 

posable fibSus sheet of the invention, it is desirable ^^^ rin ^ te ^^^ 1 ^ ?^2T^ 

- ■» «"■"■ rayon-containing top layer of the fibrous sheet it is 

Llodesir^lethat^^ 

and ateoSnt Nicies, the fibrous sheet must be resistant to surface friction even in wet In some degree^ The brous 
M in wTcontains water of at least 2.5 times the self-weight of the dry sheet. In the ^^^^ 
See of r h e invention, the microfibers extending from the surfaces of the fibrillated rayon fibers consutufing the sheet 
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, „ .« *. fibers are therefore bonded together to a suitable degree. Accordingly, even in wet, the sheet 

rj£&?£^ the top ,ayer °* ,he f,brous sheet of the invention ls> even 

still resistant to at least ten rubbing « qptes m ee of decomposition in wat er. a 

[0 076] To make the ^^TSSS^^ Resistance that fa., within the preferred ranges noted 
degree of mechan|c a s^ 

above, the type of the ^ 4 Ga ^*^^^^ p ; r examp | e , where fibrillated rayon having a long fiber length 
for water-jetting treatmentforthesheetrr^ 

isused.orwherefibrillatedra^^ 
^enthou^n^ 

degree of decomposition ,n water ^SJ^J^^'o, binding fibers together may be added to the 
the fibrous sheet a water-solub^ 

sheet. Having met a large amoun of w ^-£ e ^ ca rboxymethy. cellulose; alkyl celluloses such as methyl cel- 
ability. The b.nder usabl !^ ^2 modiled polyvinyl alcohols having a predetermined 
lulose, ethyl cellulose, benzyl ™ n "* s °-^ P °^* Tne ^nt 0 f the binder to be added to the fibrous sheet 
amount of a sulfonic acid group or a carboxyl group ete Q ™ *™ of tne f(bers consti tuting the 

may be smaller than usually. For example, only about 2 g of ^r^e lattve to g satisfactory 
fibrous sheet, may be added to the sheet whereby ^^^S^IS^Z not so much interfere with the 
degree. Accordingly, adding such a smal^ 
safety of the sheet. To add a water-soluble b,ndert °*^ 

rayon-containing layers enhance the mechanical strength , of the laye^ ^ 
[0079] Where a binder such as th^ment^ 

such as a water-soluble inorgantc or orgamc salt may be » , fete potassium sulfate. 

ofthesheetcouldbeincreasedmuchmo^^ 

zinc sulfate, zinc nitrate, potassium alum. s ° d ' u ^ 

used as the binder, it is preferably combined with a ^^ S f fol|owi compoU nds may be added to 

[0080] 'Addition, wher^ 

the water-decomposable fibrous sheet so as vniwi monomer with other comonomers, such as (meth) 

include.for example, copolymers of ^^^f^^^^^Z^ the copolymers are saponified 
acrylic acid-maleic acid resins, (methjacryhc 'f^^^^^^L camoxylate moiety. Adding 

ramirr^ — - - enhancing the 

strength of the sheet. invention mav ootionallv contain any other substances, without 

the invention is usable as wet tissue for appl^on o he s*n "^JjJ^J^ ^ app.ications, 
as cleaning sheets for toilets and thereabout. To enhance te wip.ng ana g ^ wat er-decomposable 

fibrous sheet may wet it wrth water or ^ u ;i chem ^ b ^ nas high dry str6 ngth. and since it does not 



13 



EP 1 138 474 A1 



xzxzzszzzsz. 



sheet, etc. 
EXAMPLES 



10 



15 



20 



25 



30 



35 



r00841 The invention is described n more 
Intended to restrict the scope of the .nvention. 

ra0871 Thetestfordecomposabilrty in water *^* flhle flbrous she et having a length of 10 cm anda wioin o, , 
fltnredetermined time intervals, and the time umii me w 

dWM (MO) ana in ft. <^*«*" ^S'S* « ■»* W 01 *" ,eS>PkSCe *" ™ 
[00911 The data obtained are given in Table 5. 
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[0092] .nTab.S.Comparati^ 

S3* in water, not so mucj lowering £^£££1 we „-ba.anced decomposabi.ity in water and 
rtbrillated rayon is concentrated in its top layer, i ne u hk 

strength of the two-layered fibrous sheets^ comparable to that of Comparative Example 2, though 

Si Moreover.itisunderstc^^ 

production costs thereof can be reduced. 
[0094] The same shall apply also to A-2. 

[0096] The data obtained are g.ven in Table 6. 



Table 6 



20 



25 



30 



NBKP (600 cc) 



Fibrillated Rayon (17 dtexx5mm) 



Rayon (1 .7 dtex x 5 mm) 



7ihriitated Ra yon Content of Fibrous Sheet 



B-1 



top layer 



60% 



10% 



back layer 



60% 
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40 
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50 



55 



SThT^h, «d»»P«-— J*^j?IlJi^wMte > the microtibets of the fibrillated rayon In »* fop sutf.» a» 
I009S1 1 When the fibrous shoe! is usofl f « *'P'n9 objeflls. M f"»"V ^ d and , Mre fore fhe fibrous sheet 
Hyolnuoted «nh the obieots. ^-"JS-i^-'-"''-' 1 aM «* eM 

inteq-rs steps', components or groups thereof. reference to specific embodiments thereof, it will 

from the spirit and scope thereof. 
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Claims 



1 . A multi-layered water-decomposable fibrous sheet with a plurality of layers each having a different fibrous consti- 
tution being integrated, comprising: 

a toD laver on a top surface including fibrillated rayon of at least 3 % by mass of all fibers constituting the top 
laver the fibrillated rayon having a degree of beating of at most 700 cc and having primary fibers of a prede- 
termined fiber length and microfibers extending from the prima* fibers, the microfibers being entangled with 
and/or hydrogen-bonded to at least either of other microfibers and other fibers, and 
a back layer on a back surface including fibers containing no fibrillated rayon, the fibers entangled with and/ 
or hydrogen-bonded to each other, or the back layer including the fibrillated rayon in an amount smaller than 
that in the top layer, the microfibers of the fibrillated rayon being entangled with and/or hydrogen-bonded to 
at least either of other microfibers and other fibers. 

2 The water-decomposable fibrous sheet as claimed in claim 1. wherein thesurfaceof the top layer is Passed under 
heat so that the microfibers of the fibrillated rayon in the surface pressed under heat are hydrogen-bonded to at 
least either of other microfibers and other fibers. 

3 The water-decomposable fibrous sheet as claimed in claim 1. wherein in the fibrillated rayon the primary fibers 
has r.ength of 1 .8 mm to 1 0 mm at the peak of its self-weighted, average fiber length distnbution profile curve 
and microfibers having a length of at most 1 mm account for from 0.1 to 65 % by mass of the self-we,ght of the 
fibrillated rayon. 

4. The water-decomposable fibrous sheet as claimed in claim 1 , which is a non-woven fabric having been subjected 
to water-jetting treatment. 

5. The water-decomposable fibrous sheet as claimed in claim 1 , which is produced in a paper-making process. 

6. The water-decomposable fibrous sheet as claimed in claim 1, wherein the degree of fineness of the fibrillated 
rayon falls between 1.1 and T ."9 dtex. - 

7. The water-decomposable fibrous sheet as claimed in cteim 1 , wherein the weight of the fibers falls between 20 
and 100g/m 2 . 

8. The water-decomposable fibrous sheet as claimed in claim 1 , of which the decomposability in water, measured 
according to JIS P-4501 , is at most 200 seconds. 

9. The water-decomposable fibrous sheet as claimed in claim 1 , of which the wet strength is at least 1 .1 N/25 mm. 

10. The water-decomposable fibrous sheet as claimed in claim 1 , of which the dry strength is at least 3.4 N/25 mm. 

11. A multi-layered water-decomposable fibrous sheet with a plurality of layers each having a differ* fibrous consti- 
tution being integrated, comprising: 

a top layer on a top surface and a back layer on a back surface each Including fibrillated rayon of at least 3 
% by mass of all fibers constituting each layer, the fibrillated rayon having a degree of beating of at most 700 
cc and having primary fibers of a predetermined fiber length and microfibers extending from the primary fibers, 
the microfibers being entangled wtth and/or hydrogen-bonded to at least either of other microfibers and other 

Sender disposed between the top layer and the back layer including fibers containing no fibrillated rayon 
the fibers being entangled with and/or hydrogen-bonded to each other, or the interiayer ^V**^ 
rayon in an amount smaller than that in the top and back layers, the microfibers of the ftbnllated rayon being 
entangled with and/or hydrogen-bonded to at least either of other microfibers and other fibers. 

12 The multi-layered water-decomposable fibrous sheet as claimed in claim 11 . wherein the fibrillated rayon content 
' of the fibers constituting the top layer is nearly the same as that of the fibers constituting the back layer. 

13. The water-decomposable fibrous sheet as claimed in claim 11 . wherein at least either of surfaces of the top and 
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S3 Slgwt-WI to at MM o«W of <*« ■*««*• an " 0,her 

of the fibrtllated rayon, 
to to water-jetting treatment. 

„ -n, e *m~m~» — - — * * aalm "■•*""■ P ' od '" :ed 8 Pa '*' mSk '" 9 

„. ™, *- — - — *"° " ' whe,el " 0,6 " """" 01 *" ""^ 

15 rayon falls between 1 .1 and 1 .9 dtex. 

18 . ™ — — - <*"™ a " <*" 1 ' — ' Be , ' e ' 9, ' , 01 " r,M """ 8 """"^ M 

andlOOgftn 2 . 

according to JIS P-4501 , is at most 200 seconds. 
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Fig. 2 
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Fig. 5 
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FIBER LENGTH RANGE (mm-mm) 
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Fig. 10 
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